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ABSTRACT 


Meteor trail observations of the meridional mesospheric wind field are ana- 
lyzed in terms of spherical harmonics which shows for the semiannual component 
a predominance in the P, term. This suggests two heat sources for the semi- 
annual variations, one that peaks at the equator associated with the semiaimual 
migration of the sun between the two hemispheres and a second heat input of 
greater magnitude that peaks at high latitudes. The latter is presumably related 
to auroral heating associated with the semiannual component in the occurrence 
of magnetic storms. The wind circulation, consistent with these sources, is 
shown to cause a semiannual redistribution of the minor constituent O in the 
lower thermosphere with the effects to decrease the ratios of O/N2 and O/O2 at 
high latitudes and to enhance these ratios at mid to low latitudes during equinox. 
This effect is consistent with the latitudinal structure in the semiannual compo- 
nent of the F2 region ionization and mass spectrometer measurements of the 
O/O2 ratio. As a consequence the pressure bulge in the O region of the thermo- 
sphere should be elongated around the equator and the semiannual variations in 
the exospheric temperature, deduced from satellite drag data at low inclination, 
should be too high. The model also reproduces the decrease in the relative con- 
centration of O during summer consistent with the winter anomaly in the re- 
gion. 
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SEMIANNUAL VARIATIONS IN THE NEUTRAL COMPOSITION 


H, G, Mayr 
H. Volland 


INTRODUCTION 

In an analysis of the semiannual effect in the -re^on Mayr and Mahajan 
(1969) concluded that semiannual variations in the atmospheric composition (in 
particular the concentration of atomic oxygen) are required to understand the 
ionospheric behavior. This has been supported by the few measurements of 
[ 0 ]/[ 02 ] which indicate a pronounced semiannual component as shown in 
Figure 1 (Table 1). 

Johnson (1964) suggested meridional flow as a source for the semiannual 
temperature effect and Tohmatsu and Nagata (1963) considered global circulation 
as a possible explanation for the anomalous behavior in the latitudinal distribution 
of atomic oxygen (which was deduced from airglow observations). 

In this paper we shall present a model in which global circulation, induced 
by solar radiation and auroral heating, is discussed as a mechanism to account 
for the semiannual effect in atomic oxygen. 

WIND MODEL 

Describing the wind field in terms of spherical harmonics, the equations 
of momentum and mass conservation are employed to determine the rela- 
tions between meridional and vertical winds. As will be shown a posteriori 

the choice of spherical harmonics can be restricted such that we shall represent 
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in a first approximation the annual winds by 


(V 90 Po + ''(?J ^ 2 ) ^ 


v(«) (2v^i Pj + (-Po + 2Pj) v^,) cos o)t 


( 1 ) 


and the semiannual winds by 


y(ia) ^ ^ gif, 0 (.gg (2 cut) 


v<“> (2vj, Pg + 3.S Vgj P4) cos (2o)t) 


( 2 ) 


with 

2n 

CO = . 

1 year 

Here, (Vg , v ) are the latitudinal and the vertical wind components positive toward 
south and upward, respectively, v^, , v^j , v^j , y^j are parameters to be deter- 
mined from the wind measurements. H is an otfectlve scale hel^t determined by 

i - _L J_£li 

H " Hg ■ V, 5r 


« 

where Hq is the density scale height. 


2 


There are several sources from which a qualitative picture of the global 
wind circulation can be deduced. 

1) Meteor trail observations which provide information on atmospheric 
winds within the altitude range between 80 and 100 km. 

2) Ionospheric observations udiich are suggestive of the global distribution 
of atomic oxygen thus producing information on the atmospheric circulation. 

3) The pressure distribution in the upper atmosphere which in conjunction 
with the ionospheric behavior provides informations on the thermospheric wind 
field. 

Mesospheric Winds 

The mesospheric wind measurements deduced from meteor trail observa> 
tions arotmd 90 km (Kochanski, 1963) are shown in dashed lines in Figure 3. The 
winds are plotted versus season for Adelaide (35®S) and for Jodrell Bank (53^N). 

With a Fourier analysis these wind velocities are separated into the annual 
and semiannual components at both stations to determine the latitude dependence 
at both frequencies in terms of spherical harmonics: 

annual ... v^o = m/sec 

(3) 

v ^2 = - 19 m/sec 
semiannual ... = 10 m/sec 

(4> 

‘ V 0 ^ = 34 m/sec ' ' 
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with these parameters the Equations (1) and (2) are defined: 

= (17 Pq - 19 Pj) sin 9 cos cot (5) 

v<*> (34P, - 19 (- Po + 2 P 3 )) cos Ojt ( 6 ) 

v(i«) - (10 Pj + 34 P 3 ) sin 9 cos loot ( 7 ) 

v<“> =^( 20 Pj + 120 P^) cos 2 o)t ( 8 ) 


Equations 5 and 7 are combined to describe the seasonal variations (solid 
lines) at Adelaide and Jodrell Bank (Figures 2a and 2b respectively) which re- 
flect a good representation of the wind measurements. 

Based on this analysis a schematic picture of the thermospheric circulation 
can be drawn (Figure 3). 

Applying a well known circulation theorem of meteorology we expect the 
winds CO rise above the region of the maximum heat input and to descend above 
the region of the minimum heat input. Accordingly, we can infer a gross 
picture of the energy distribution from Figure 3, suggesting maxima in the 
energy input at the locations indicated by Q. 

Ionospheric Effects 

The ionosonde data discussed in Mayr and Mahajan (1969) have been chosen 
for 1600 LT and from northern latitudes in the American longitude zone. We 
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supplemented these data with those from South American latitudes. Performing 
a Fourier analysis for both maximum (1958, 1959) and minimum (1963, 1964) 
solar activity conditions the relative amplitudes AN„/N^ of the semiannual effect 
were deduced. 

The results are shown In Figure 4 and It Is apparent that the effects are 
very similar for both activity conditions (the dashed line Is a mean square fit 
through all the data points). They show pronoimced maslma between 30^ and 
40^ latitudes with relative amplitudes as high as 40%. 

Concurring with Mayr and Mahajan (1969) that the semiannual effect in the 
ionosphere is primarily Induced by semiannual variations in the neutral com- 
position we suggest then that the semiannual effect In the [O ] /[N 2 ] and [O ] /[O 23 
ratios peaks at 30® to 40® latitudes. It will be shown later that this feature 
supports the circulation field discussed in the previous figure. 

Thermospheric Effects 

A development of exospheric temperature data that were derived from 
satellite drag measurements (Jacchia and Slowey, 1964; Jacchla et al., 1966) 
into a series of spherical harmonics 

j ^ • • • - Tj Pj cos cot + Tj P-2 

gives the annual and semiannual components 

Tj ~ Tj ~ 50® K 
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at medium solar activity. The direction of the temperature field and thus the 
pressure gradient is from the summer to the winter hemisphere for the annual 
componen: nd from the equator toward higher latitudes for the semiannual 
component. At F2 layer heights the relative pressure variation equivalent to the 
exospheric temperature variation of 50^K is according to the Jacchia model 


PiO 


P 20 

Poo 


Poo 


at 250 km altitude. We can estimate the magnitude of the horizontal winds due 
to these pressure gradients from the equation of conservation of momentum. 
Assuming the collision frequency v to be much larger than the angular velocity 
^of the earth's rotation one obtains 


V 



>\j 


V 


JEifl 

p^ 


50 m/sec 


( 9 ) 


where v^*^ and v^**^ are the coefficients of the latitudinal winds in Equations 
1 and 2. c '^SOO m/sec is the velocity of sound, y= 1.5 is the ratio of the 
specific heats and 6 •'2 is the ion collision frequency. Further support of the 
existence of such a wind field within the thermsophere comes from an analysis 
of the seasonal behavior of the F2 region as demonstrated by Brinton et al. (1969) 
and by Mayr and Mahajan (1969). Moreover, the latitudinal dependence of the 
thermospheric helium distribution allows to deduce informations on the global 
circulation (Heber et al., 1970) which also suggests meridional winds from the 
summer to the winter hemisphere during solstice conditions. 
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ENERGETICS 


The solar heat Input per unit area can be considered in a first order ap- 
proximation to be proportional to cos x > where x Is the zenith distance. Averaged 
over a day the total amount of solar heat input per unit area is then 

q oc j* cos X dr 2 ^sin ^ cosy cos sino' sinyj (10) 

with 

/tan y\ 

= - arcos 


5 = 8 cos ct)t 

6 CO' latitude 

8 maximum solar declination 

277 „ < 

^ “ 1 year “ 2 x 10*^ sec*^ angular frequency of one year . 


t is the universal time with t = 0 at the beginning of the year. 

For solstice and equinox conditions relation (10) is shown in Figm o 5. 
From a Fourier analysis we determine the annual and semiannual components 
of q. These Fourier Qomponents of q are developed in the form 

q(«) ^ o)t 


( 11 ) 

q(*«) 'v. q^ cos 2o>t 


7 


where are the Legendre polynoms. 

The dashed lines in Figure 5 give the functions 

1.25 Pj (annual) 

- 0.4 Pj (semiannual) 


( 12 ) 


which represent the Fourier components of q (Equation 10) closely. 

We notice two characteristics in Figure 5 which are of particular interest. 

The input has a maximum at high latitudes and not at the subsolar point during 
the solstices » and the semiannual component is rather strong, almost one third 
of the annual component. 

Considering the energy and momentum equations one can verify (see e.g. 
Volland and Mayr, 1968) that the latitude and time dependence of the pressure 
and vertical wind fields follow very closely the distribution of the energy input, 

Vj P ® q 

Thus, we can compare the annual and semiannual components of the solar 
heat input (Equation 12) with the vertical wind field components deduced from 
meteor trail observations in the mesosphere (Equations 6 and 8) and with the 
pressure field deduced from drag measurements in the thermosphere (Equation 9). 
In Table 2 these parameters are summarized. 
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Table 2 

The Relative Magnitudes of the Annual and Semiannual Components 



Heat Input 

Vertical Winds 

Pressure 


(solar radiation) 

Mesosphere 

Thermosphere 

Annual 


Pj-0.5(-Po+2p3) 

Pi 

Semiannual 

- O. 3 P 2 

0 . 7 PJ+ 3 .SP 4 

-p* 


Table 2 Indicates that: 

1) The magnitude of the semiannual component In the solar Input which 
peaks at the equator Is by almost a factor of three too low to account for the 
semiannual component In the thermospheric pressure field. 

2) The strong term In the semiannual component of the mesospheric 
circulation suggests two heat sources. One that peaks at the equator presumably 
due to solar radiation and one that peaks at high latitudes presumably associated 
with the semlaimual component In the occurrence of magnetic storms. 

3) The term In the semiannual component of the thermosphere stems 
from satellite drag data that were derived from a height region where atomic 
oxygen Is the predominant constituent. Considering that O is affected by the 
dynamics in the N 2 region it Is then imderstandable that Its latitudinal structure 
Is different from that at lower altitudes where P^ Is dominant. 

NEUTRAL COMPOSITION 

Below 90 km photochemical reactions determine the concentration of atomic 
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oxygen while above that height transport processes become increasingly im- 
portant. This is true in particular for transport processes induced by atmos- 
pheric winds whose magnitudes tend to increase with height. 

Colegrove et al«, (1965) performed ai)i extensive theoretical study on the 
distribution of atomic and molecular oxygen in the lower atmosphere (70-140 km) 
discussing photodissociationi recombination and diffusion as the dominating 
processes (we shall refer to their paper by (C)). Taking the oxygen absorption 
spectrum from measurements of Watanabe et al«, (1963) and Metzer and Cook 
(1964), and the solar emission spectrum from Detwiler et al., (1961), (C) calcu- 
lated the photodissociation rates as a function of the column density. Thereby 
they assumed an average slant path angle of 45*^ thus approximated an average 
number of dissociations per day. Dividing their column densities by the O 2 
scale height, we derived the rate coefficient for dissociation, q as a function 
of the O 2 concentration (Figure 6). 

Atomic oxygen is removed by the three body recombination processes 

0+0 + M = Oj+M, (13) 

for which in the case of M N the rate coefficient is 

0^1 " 3.0 X 10*33 (T/300)'2 ® 
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(Campbell and Thrush, NASA Reaction Rate Handbook, 1967), and 

O + Oj + M-O 3 + M (14) 

with a reaction rate coefficient of 

= 5.5 X 10‘34 (x/300)'2*6 

(Kaufman and Kelso, 1964). 

Below 100 km eddy diffusion is the predominant diffusion mechanism. By 
matching their theoretical results with [0]/[02] measurements, (C) derived the 
eddy diffusion coefficient K to be 

K = 4 X 10® cm^sec*^ . 

Above 120 km molecular diffusion prevails. For the diffusion of O through O 2 
and N 2 we adopt 

D = 0.26 ” (p/Po)-‘ , 

an experimental result arrived at by Walker (1961). and p^ are standard 
temperature and pressure, p Is the sum of the partial pressures of N 2 and O 2 . 
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Estimating the characteristic times of the various processes described 


above one finds at 100 km 


‘recon.bin.tion = [0] a^)-* ~ 1000 days 


t 


eddy diffuiion 


HVK ~ 10 days 


hence» as already (C) concluded, diurnal variations cannot be excited in the com 
position of the lower atmosphere. The period of half a year, however, is long 
when compared with the shortest characteristic times referred to above and 
therefore one can expect semiannual or annual variations in the atmospheric 
composition. 

With these processes the continuity equation for O has the form 


2q[Oj] - [0] [Nj] (2aj [0] + [Oj]) 

-Ti ([0] Vor) • r sin '^^ ([0'^ sinevgg) = 0 (15) 


where v^^ and are the transport velocities of O in the radial and latitudinal 
directions. Due to the fact that the period of half a year is large when compared 
with the characteristic times of the dominant processes it is justified to consider 
oxygen in quasi steady state {d/dt = 0), 
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The equation of momentum conservation in the r direction is 


[0](v„-v,) = -d(^ 


a[o] , [o] -n 

T T? 




7 * ^ to]) 


„ /d [0] [0] dT mg \ 

lOJ; ! 


( 16 ) 


is the radial (vertical) wind velocity, the mass of O, in the average molecu- 
lar mass and k is the Boltzmann constant. 

In the meridional direction the drag term ([O] (v^^ - v^ )) dominates the 
lateral momentum transfer thus we can assume 

Voe = ''e - (17) 

Vg being the meridional wind component. Furthermore we neglect the meridional 
variations in the particle concentrations as we consider them as small compared 
with the latitudinal variations of the wind velocity. Consequently the continuity 
Equation (16) becomes 

2q[0j] - [0] [Nj] (2ttj [0] + [0,]) - ([0] (v„, - v,)j 

s [o] * s 

= a? (t03 V,) + (sin0Vj) . (18) 
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The lateral and vertical wind velocities that occur in Equation (18) are related 


through the continuity equation 


(JN _ ^(Nv,) 1 d ^ 

Ji = ■ — W (N sin^v^) 


(19) 


where N is the total mass density (N « [O] + [Nj] + [ 02 ] + ' •)• Our 

estimations which are based on wind measurements and on the semiannual 
density amplitudes derived by Volland (1969), indicates that the temporal density 
variations are negligible {d/dt = 0)* Again neglecting the latitudinal variations 
in the total density, the relation 

1 0 , . „ V V, 9 v, 

r Sind M = “h " TT (19a) 


evolves, H being the density scale height. With (19), Equation (18) finally takes 
the form 


2q[Oj] - [0] [N,] (2a, [0] + a^ [0,]) ([0] (v„,-v,)) 


= V, -57 [0] + -H [0] . (20) 


The right hand side of (20) describes the wind effect. For an upward directed 
(positive) wind velocity both expressions are positive definite below the height 
where atomic oxygen has its maximum concentration (about 100 km). Above 
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that height the scale height of O is nearly twice that of H in the region where Nj 
is the major constituent and it becomes equal to H at heights where O is the 
major species; the sum of both expressions thus has always the same sign as the 
vertical velocity. For this reason an upward wind acts like a particle sink and 
hence decreases atomic oxygen, while a downward wind constitutes a particle 
source that enhances the oxygen concentration. 

We define with the height at which the constituent O becomes predominant; 
then it follows 


and the integration of (20) yields 

r** 

[0] (v„,- V,) = J (2q [Oj] - [0] [Nj] {2a^ [0] +a^ [0,])] dr 




dr . 


( 21 ) 


The diffusion velocity ) affects the oxygen distribution (Equation (20)) 

primarily at lower altitudes where the atmospheric density is high. The magni- 
tude of the diffusion velocity, however, depends on the wind interaction over the 
entire altitude range in which the constituent under consideration is a minor species 
(see second part on the right hand side of Equation (21)). Since this is true for 
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any minor constituent, the wind effects on oxygen and helium f.e, can be sig* 
nificantly different due to the fact that the wind interaction reaches only up to 
200 km for oxygen, but up to at least 600 km for helium, the heights at which 
these species become prevailing. In a nondissipative medium the wind veloci- 
ties tend to increase with a scale height close to that of the major constituents. 
For this reason it is essentially the wind interaction at high altitudes that con- 
tributes to the diffusion flux. In the following section we shall therefore pri- 
ma.rily discuss the implications of the thermospheric wind circulation. 

Equation (20) and (21) are two coupled non-linear differential- integral equa- 
tions which describe the distribution of atomic oxygen, similar equations can 
be derived for . The solution for [O] is uniquely determined if one considers 
that this species approaches photochemical equilibrium at lower altitudes. For 
we chose as boundary condition the value 

f^2^70km ■" 1‘3 X lO^VcC 

which is consistent with atmospheric models, and we assume its vertical trans- 
port velocity to be equal to the wind velocity at the upper boundary of our calcu- 
lations (at 200 km). 
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DISCUSSION 


Qttalltative 

There are somo obvious implications of the thermospheric wind circulation 
that was schematically described in Figure 3. During solstice the vertical winds 
are upward in the summer hemisphere and downward in the winter hemisphere. 
The effect is to decrease the atomic ixygen concentration in summer and to in- 
crease it in winter. This process was suggested by Kellogg (1961) to explain 
the winter anomaly in the -region. 

During equinox the wind velocities are directed downward at midlatitudes 
(40^*) and upward at the equator and at high latitudes. As a consequence, the 
atomic oxygen concentration should be enhanced at midlatitudes. This feature 
is entirely consistent with observations of the [Ol/fO^] ratio that was sampled 
predominantly at these midlatitudes. Furthermore the observations of the 
seasonal variations in the ionosphere reveal peaks in the F^ -region at mid- 
latitudes and during equinox as is apparent from the semiannual component 
shown in Figure 4. This ionospheric effect reflects upon enhancements in the 
oxygen concentration as shown in Mayr and Mahajan (1969). The magnitude of 
the ionospheric effect is somewhat too small to correlate quantitatively with the 
observations of atomic oxygen. This discrepancy, however, can be easily ex- 
plained if one considers that at ionospheric heights (that is in the upper part of 
the thermospheric circulation cell (Figure 3)) the wind component along the 
magnetic field applies a downward drag force on the ions and this decreases the 
electron density concentration at the height of the F 2 -peak. 
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Quantitative 

To compute the wind effects on atomic oxygen we adopted the latitudinal 
variation in the vertical wind field as described in Equations 6 and 7. 


V, (6?. r) 


(''rl Pi (-P5+2P,))cOs(£^t-p) 


( 22 ) 


+ (v,2 ^2 + '^r4 ^4) -2p), 




where p is a phase parameter that was chosen to optimally fit the measurements 
(P * 30^), At 90 km the wind parameters are related to the mesospheric wind 
measurements. Assuming a scale height of 


the vertical wind velocity can 


rl 


r3 


r2 


r4 


H * 4 km 

be deduced 

Hugo 

“ r ” 



r 


r 

*•“93 

r 


2.1 (cm) 


- 1.2 (cm) 


1.3 (cm) 


7.5 (cm) . 
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We assumed that the scale height H of the vertical velocity varies between 
4 km at mesospheric heights up to Infinite In the thermosphere at 250 km where 
due to viscosity and Ion drag the wind velocities become height Independent. The 
magnitude of the wind velocity was thereby assumed to vary by a factor of 10 
between 90 and 200 km. 

In Figure 7 the computed distribution of C and O 2 Is shown for wind veloc- 
ities between -60 and -i^O cm/sec at 200 km (and corresponding variations of 
-6 to 4-6 om/sec at 100 km). Figure 5 presents the wind Induced variability of 
atomic OTQTgen at 120 km In the form of the relative amplitude 


^_ A[0] _ [03 (^v) > [0] (fv) 
“ [0] “ 2 [0] (0) 


which Is plotted as a function of (v). This relation reflects an almost linear 
velocity dependence and accordingly Implies that the relative magnitudes of 
composition effects can be directly Inferred from the relative magnitudes of 
the wind field. 

Also shown In Figure 7 Is the relative amplitude of the [O] / [O 2 ] ratio 


Ai°l 

[ 0 ] 

[ 0 ,] 


[ 0 ] 

10 ,] 


(-V) 


[ 0 ] 

CO,] 


(+v) 



( 0 ) 


which is slightly more sensitive to the wind eifects. 

Employing Equation 22 we computed the [OD/CO,] ratio for 35° latitude 
which corresponds to the latitude range (33° to 40°) the [Ol/CO,] data were 
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primarily sampled from. The theoretical results are shown as solid lines which 
reveal an excellent agreement with the observations. The theoretical variations 
in the [ 0 ]/{ 02 ^ ratio reveal in particular a) enhancements during equinox 
periods which are consistent with the semiannual variations in the region 
and b) a winter to summer decrease by about a factor of two which is consistent 
with the variations required to explain the winter anomaly in the region. 

CONCLUSION 

The composition measurements of the [Oj/LOj] ratio at 120 km which were 
shown to exhibit a significant semiannual component (Mayr and Mahajan 1969) 
have been interpreted in terms of global circulation. The circulation pattern 
consistent with these observations has been inferred from mesospheric wind 
measurements and from the latitudinal structure in the semiannual effect of the 
Fj -region. 

Based on the overall consistency of these phenomena we conclude that the 
semiannual effect in the dynamics of the upper atmosphere is induced by: 

a) the solar radiative heat input which has a semiannual component that 
peaks at the equator and 

b) an even stronger peak in the heat input at high latitudes (auroral zone) 
which is presumably associated with the semiannual component in the occurrence 
of magnetic storms (Priester and Cattaui (1961). 

The circulation induced by these sources produces an upwelling of air with 
a depletion of atomic oxygen at high latitudes and a subsiding of air with an 
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enhancement of atomic oxygen at mid to low latitudes. The implications are 
that the pressure bulge in the O region should be elongated around the equator 
which would be consistent with observations by Jacchia and Slowey <1966). 
Furthermore, the semiannual variations in the neutral composition discussed 
in this paper support that the semiannual effect in the exospheric temperature 
is smaller at moderate latitudes than indicated from the analysis of satellite 
drag data in which variations of the composition at the turbo pause have been 
entirely neglected. 
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Table 1 


O and O 2 Number Density Ratios at 120 km Measured by 
Rocket-Borne Mass Spectrometers 
(from Mayr and Mahajan, 1969) 


Date 

iSlO.7 

Time 

Latitude 

n(0)/n(Oj ) 

Reference 

Sept. 23, 1960 

175 

0050 LT 

* Middle' 

0.72 

Pokhunkov (1963a, b, c) 

May 18, 1962 

95 

1302 EST 

38°N 

(1.2) 

Schaefer and Nicholas (1964) 

Mar. 28, 1963 

73 

0255 LT 

38°N 

1.2 

Schaefer (1966) 

June 6, 1963 

77 

0730 MST 

33 °N 

1.1 

Hedin et. al. (1964) 

Nov. 26, 1963 

82 

1316 LT 

38 ®N 

1.2 

Schaefer (1967) 

Feb. 18, 1965 

72 

1409 LT 

59®N 

0.75 

Schaefer (1967) 

Feb. 19, 1965 

72 

0317 LT 

59°N 

0.75 

Schaefer (1967) 

Apr. 15, 1965 

75 

0345 MST 

33°N 

0.33 

Hedin and Nier (1966) 

Nov. 30, 1966 

75 

0445 MST 

33®N 

(0.5) 

Kasprzak et. al. (1968) 

Dec. 2, 1966 

98 

1409 MST 

33°N 

0.46 

Kasprzak et. al. (1968) 

Dec. 11, 1965 

76 

0505 MET 

40°N 

1.56 

Mauersberg et. al. (1967) 

Dec. 12, 1966 

163 

1320 CST 

59°N 

0.87 

Gross et. al. (1968) 

June 21, 1967 

119 

1249 MST 

33 °N 

0.55 

KrankowslQ^ et. al. (1968) 

July 20, 1967 

131 

0200 MST| 

33®N 

0.41 

Krankowsky et. al. (1968) 

July 20, 1967 

131 

1224 EST 

33 “N 

0.41 

KrankowslQr et. al. (1968) 
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VELOCITIES (m) VELOCITIES (m) 



ui 

Figure 2. Mesospheric wind measurements from Adelaide (35°S) and Jodrell Bank (53"N) as shown 
in Kochanski (1963). Solid lines show the wind magnitudes calculated from the wind model. 
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Figure 3. Schematic circulation for solstice and equinox inferred from mesospheric 

wind measurements. 
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GEOMAGNETIC LATITUDE 

Figure 4. The relative amplitude of the semiannual effect at the height of theF 2 pwdc deduced from ionosonde measurements ot 1600 
LT ot American longitudes for 1958-1959 (moximum solar octivity) ond 1964-1965 (minimum solor octivity). The doshed 
line represents the overage effect whici seems olmost independent of the solar octivity. 
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Figure 5. The solar heat input per unit area is shown in arbitrary units in Figure 5a 
(note the peak at high latitudes during solstice). The annual end semiannual compo- 
nents of the solar input are shown as dashed lines in Figure 5> The solid lines in 
Figure 5b represent the annual and semiannual energy distributions as deducted from 
the mesospheric wind measurements. 
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CONCENTRATIONS (cm *3) 

Figure 7. Height distributions of 0 and Oj computed for various wind velocities. The relative amplitudes of variations in [0] and 
[O] /[O 2 ] at 120 Icm are shown; note the linear dependence on the wind mognitude. 






